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&S Microsemi

Device Architecture

Timing Characteristics

Table 2-1 « Combinatorial Cell Propagation Delays

Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425 V

Combinatorial Cell Equation Parameter -2 -1 Std. Units
INV Y=IA trp 0.40 0.46 0.54 ns
AND2 Y=A-B tep 0.47 0.54 0.63 ns
NAND2 Y=1(A-B) tep 0.47 0.54 0.63 ns
OR2 Y=A+B tep 0.49 0.55 0.65 ns
NOR2 Y=1(A+B) tpp 0.49 0.55 0.65 ns
XOR2 Y=A®B tpp 0.74 0.84 0.99 ns
MAJ3 Y = MAJ(A, B, C) trp 0.70 0.79 0.93 ns
XOR3 Y=A®B®C trp 0.87 1.00 1.17 ns
MUX2 Y=AIS+BS tpp 0.51 0.58 0.68 ns
AND3 Y=A-B-C tep 0.56 0.64 0.75 ns
Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on

page 3-9.

Sample VersaTile Specifications—Sequential Module

The Fusion library offers a wide variety of sequential cells, including flip-flops and latches. Each has a
data input and optional enable, clear, or preset. In this section, timing characteristics are presented for a
representative sample from the library (Figure 2-5). For more details, refer to the IGLOO, ProASIC3,
SmartFusion and Fusion Macro Library Guide.
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Figure 2-5 +« Sample of Sequential Cells
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Table 2-7 « AFS250 Global Resource Timing

Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425 V

-2 -1 Std.
Parameter Description Units
Min.! | Max.2 | Min.! | Max.2 | Min.! | Max.2

tRekL Input Low Delay for Global Clock 089 | 112 | 1.02 | 1.27 | 1.20 | 1.50 ns
tRCKH Input High Delay for Global Clock 088 | 114 | 100 | 130 | 1.17 | 1.53 ns
trekmpwH | Minimum Pulse Width High for Global Clock ns
trekmpwL | Minimum Pulse Width Low for Global Clock ns
trReksw Maximum Skew for Global Clock 0.26 0.30 0.35 ns
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element
located in a lightly loaded row (single element is connected to the global net).

2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element located in a fully
loaded row (all available flip-flops are connected to the global net in the row).

3. For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on page 3-9.

Table 2-8 + AFS090 Global Resource Timing
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V

-2 -1 Std.
Parameter Description Units
Min.! | Max.2 | Min." Max.2 | Min.! Max.?

tRekL Input Low Delay for Global Clock 0.84 1.07 | 096 121 | 113 143 ns
tRCKH Input High Delay for Global Clock 0.83 110 | 095 | 1.25 | 112 | 147 ns
trekmpwH | Minimum Pulse Width High for Global Clock ns
trekmpwL | Minimum Pulse Width Low for Global Clock ns
trcksw Maximum Skew for Global Clock 0.27 0.30 0.36 ns
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element

located in a lightly loaded row (single element is connected to the global net).

2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element located in a
fully loaded row (all available flip-flops are connected to the global net in the row).

3. For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on page 3-9.
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CCC and PLL Characteristics

Timing Characteristics

Table 2-12 « Fusion CCC/PLL Specification

&S Microsemi

Fusion Family of Mixed Signal FPGAs

Parameter Min. Typ. Max. Unit
Clock Conditioning Circuitry Input Frequency fiy_ccc 1.5 350 MHz
Clock Conditioning Circuitry Output Frequency fout ccc 0.75 350 MHz
Delay Increments in Programmable Delay Blocks 2 1603 ps
Number of Programmable Values in Each Programmable 32
Delay Block
Input Period Jitter 1.5 ns
CCC Output Peak-to-Peak Period Jitter Fcec out Max Peak-to-Peak Period Jitter
1 Global 3 Global
Network Networks
Used Used
0.75 MHz to 24 MHz 1.00% 1.00%
24 MHz to 100 MHz 1.50% 1.50%
100 MHz to 250 MHz 2.25% 2.25%
250 MHz to 350 MHz 3.50% 3.50%
Acquisition Time LockControl =0 300 Ms
LockControl =1 6.0 ms
Tracking Jitter LockControl = 0 1.6 ns
LockControl = 1 0.8 ns
Output Duty Cycle 48.5 51.5 %
Delay Range in Block: Programmable Delay 1 12 0.6 5.56 ns
Delay Range in Block: Programmable Delay 2 1.2 0.025 5.56 ns
Delay Range in Block: Fixed Delay 1,2 2.2 ns

Notes:

1. This delay is a function of voltage and temperature. See Table 3-7 on page 3-9 for deratings.

2. T;=25°C,vVCC=15V

3. When the CCC/PLL core is generated by Microsemi core generator software, not all delay values of the specified delay
increments are available. Refer to the Libero SoC Online Help associated with the core for more information.

4. Tracking jitter is defined as the variation in clock edge position of PLL outputs with reference to PLL input clock edge.
Tracking jitter does not measure the variation in PLL output period, which is covered by period jitter parameter.
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The following signals are used to configure the FIFO4K18 memory element.

WW and RW
These signals enable the FIFO to be configured in one of the five allowable aspect ratios (Table 2-33).

Table 2-33 * Aspect Ratio Settings for WW[2:0]

WW2, WW1, WWo0 RW2, RW1, RW0 DxW
000 000 4kx1
001 001 2kx2
010 010 1kx4
011 011 512x9
100 100 256x18
101, 110, 111 101, 110, 111 Reserved
WBLK and RBLK

These signals are active low and will enable the respective ports when Low. When the RBLK signal is
High, the corresponding port’s outputs hold the previous value.

WEN and REN

Read and write enables. WEN is active low and REN is active high by default. These signals can be
configured as active high or low.

WCLK and RCLK

These are the clock signals for the synchronous read and write operations. These can be driven
independently or with the same driver.

RPIPE

This signal is used to specify pipelined read on the output. A Low on RPIPE indicates a nonpipelined
read, and the data appears on the output in the same clock cycle. A High indicates a pipelined read, and
data appears on the output in the next clock cycle.

RESET

This active low signal resets the output to zero when asserted. It resets the FIFO counters. It also sets all
the RD pins Low, the FULL and AFULL pins Low, and the EMPTY and AEMPTY pins High (Table 2-34).

Table 2-34  Input Data Signal Usage for Different Aspect Ratios

DxwW WD/RD Unused

4kx1 WDI[17:1], RD[17:1]

2kx2 WDI[17:2], RD[17:2]

1kx4 WD[17:4], RD[17:4]

512x9 WDI[17:9], RD[17:9]

256x18 -
wD
This is the input data bus and is 18 bits wide. Not all 18 bits are valid in all configurations. When a data
width less than 18 is specified, unused higher-order signals must be grounded (Table 2-34).
RD
This is the output data bus and is 18 bits wide. Not all 18 bits are valid in all configurations. Like the WD
bus, high-order bits become unusable if the data width is less than 18. The output data on unused pins is
undefined (Table 2-34).
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The AEMPTY flag is asserted when the difference between the write address and the read address is
less than a predefined value. In the example above, a value of 200 for AEVAL means that the AEMPTY
flag will be asserted when a read causes the difference between the write address and the read address
to drop to 200. It will stay asserted until that difference rises above 200. Note that the FIFO can be
configured with different read and write widths; in this case, the AFVAL setting is based on the number of
write data entries and the AEVAL setting is based on the number of read data entries. For aspect ratios of
512x9 and 256x18, only 4,096 bits can be addressed by the 12 bits of AFVAL and AEVAL. The number
of words must be multiplied by 8 and 16, instead of 9 and 18. The SmartGen tool automatically uses the
proper values. To avoid halfwords being written or read, which could happen if different read and write
aspect ratios are specified, the FIFO will assert FULL or EMPTY as soon as at least a minimum of one
word cannot be written or read. For example, if a two-bit word is written and a four-bit word is being read,
the FIFO will remain in the empty state when the first word is written. This occurs even if the FIFO is not
completely empty, because in this case, a complete word cannot be read. The same is applicable in the
full state. If a four-bit word is written and a two-bit word is read, the FIFO is full and one word is read. The
FULL flag will remain asserted because a complete word cannot be written at this point.
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ADC Interface Timing

Table 2-48 « ADC Interface Timing
Commercial Temperature Range Conditions: T, = 70°C, Worst-Case VCC = 1.425 V

&S Microsemi

Fusion Family of Mixed Signal FPGAs

Parameter Description -2 -1 Std. Units
tsumoDE Mode Pin Setup Time 0.56 0.64 0.75 ns
tHDMODE Mode Pin Hold Time 0.26 0.29 0.34 ns
tsutve Clock Divide Control (TVC) Setup Time 0.68 0.77 0.90 ns
tHpTVC Clock Divide Control (TVC) Hold Time 0.32 0.36 0.43 ns
tsustc Sample Time Control (STC) Setup Time 1.58 1.79 2.1 ns
tHpsTC Sample Time Control (STC) Hold Time 1.27 1.45 1.71 ns
tSUVAREFSEL Voltage Reference Select (VAREFSEL) Setup Time 0.00 0.00 0.00 ns
tHDVAREFSEL Voltage Reference Select (VAREFSEL) Hold Time 0.67 0.76 0.89 ns
tsucHNUM Channel Select (CHNUMBER) Setup Time 0.90 1.03 1.21 ns
tHDCHNUM Channel Select (CHNUMBER) Hold Time 0.00 0.00 0.00 ns
tSUADCSTART Start of Conversion (ADCSTART) Setup Time 0.75 0.85 1.00 ns
tHDADCSTART Start of Conversion (ADCSTART) Hold Time 0.43 0.49 0.57 ns
tckoQBUSY Busy Clock-to-Q 1.33 1.51 1.78 ns
tck2acaL Power-Up Calibration Clock-to-Q 0.63 0.71 0.84 ns
tckoquaL Valid Conversion Result Clock-to-Q 3.12 3.55 4.17 ns
tck2QsAMPLE Sample Clock-to-Q 0.22 0.25 0.30 ns
tck2QRESULT Conversion Result Clock-to-Q 2.53 2.89 3.39 ns
tcLrR2QBUSY Busy Clear-to-Q 2.06 2.35 2.76 ns
tcLr2QCAL Power-Up Calibration Clear-to-Q 2.15 2.45 2.88 ns
tcLr2QVAL Valid Conversion Result Clear-to-Q 241 2.74 3.22 ns
tcLR2QSAMPLE Sample Clear-to-Q 217 2.48 2.9 ns
tCLR2QRESULT Conversion result Clear-to-Q 2.25 2.56 3.01 ns
tRECCLR Recovery Time of Clear 0.00 0.00 0.00 ns
tREMCLR Removal Time of Clear 0.63 0.72 0.84 ns
tMPWSYSCLK Clock Minimum Pulse Width for the ADC 4.00 4.00 4.00 ns
tEMAXSYSCLK Clock Maximum Frequency for the ADC 100.00 | 100.00 | 100.00 MHz
Revision 6 2-114



&S Microsemi

Fusion Family of Mixed Signal FPGAs

Analog Configuration MUX

The ACM is the interface between the FPGA, the Analog Block configurations, and the real-time counter.
Microsemi Libero SoC will generate IP that will load and configure the Analog Block via the ACM.
However, users are not limited to using the Libero SoC IP. This section provides a detailed description of
the ACM's register map, truth tables for proper configuration of the Analog Block and RTC, as well as
timing waveforms so users can access and control the ACM directly from their designs.

The Analog Block contains four 8-bit latches per Analog Quad that are initialized through the ACM.
These latches act as configuration bits for Analog Quads. The ACM block runs from the core voltage
supply (1.5 V).

Access to the ACM is achieved via 8-bit address and data busses with enables. The pin list is provided in
Table 2-36 on page 2-78. The ACM clock speed is limited to a maximum of 10 MHz, more than sufficient
to handle the low-bandwidth requirements of configuring the Analog Block and the RTC (sub-block of the
Analog Block).

Table 2-54 decodes the ACM address space and maps it to the corresponding Analog Quad and
configuration byte for that quad.

Table 2-54 « ACM Address Decode Table for Analog Quad

ACMADDR [7:0] in Associated
Decimal Name Description Peripheral
0 - - Analog Quad
1 AQO Byte 0 Analog Quad
2 AQO Byte 1 Analog Quad
3 AQO Byte 2 Analog Quad
4 AQO Byte 3 Analog Quad
5 AQ1 Byte 0 Analog Quad
Analog Quad
36 AQ8 Byte 3 Analog Quad
37 AQ9 Byte 0 Analog Quad
38 AQ9 Byte 1 Analog Quad
39 AQ9 Byte 2 Analog Quad
40 AQ9 Byte 3 Analog Quad
41 Undefined Analog Quad
Undefined Analog Quad
63 Undefined RTC
64 COUNTERO Counter bits 7:0 RTC
65 COUNTER1 Counter bits 15:8 RTC
66 COUNTER2 Counter bits 23:16 RTC
67 COUNTERS3 Counter bits 31:24 RTC
68 COUNTER4 Counter bits 39:32 RTC
72 MATCHREGO Match register bits 7:0 RTC
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Fusion Family of Mixed Signal FPGAs

/0 Registers

Each I/O module contains several input, output, and enable registers. Refer to Figure 2-100 for a
simplified representation of the 1/0 block.

The number of input registers is selected by a set of switches (not shown in Figure 2-100) between
registers to implement single or differential data transmission to and from the FPGA core. The Designer
software sets these switches for the user.

A common CLR/PRE signal is employed by all I/O registers when 1/O register combining is used. Input
register 2 does not have a CLR/PRE pin, as this register is used for DDR implementation. The 1/O
register combining must satisfy some rules.

110/ Q0 1 2
Input Input
Reg <_ Reg <O—
Y Pull-Up/Down
e Resistor Control
To FPGA Core CLRIPRE
o/Q1 3
Input PAD
ICE| Reg
< —X
CLR/PRE |
/O /1CLK Signal Drive Strength
\ and Slew-Rate Control
) A A E = Enable Pin
1/0 /D0 4
OCE Output
>Reg
e (0]
From FPGA Core Q CLR/PRE
1/0/D1/ICE oF 5
Output
>Reg
o)
1/0 / OCLK ] CLR/PRE
6
1/10 /1 OE Sodl Output
Enable
> Reg
Q
110/ CLR or /O / PRE /| OCE I CLR/PRE

Note: Fusion I/Os have registers to support DDR functionality (see the "Double Data Rate (DDR) Support" section on
page 2-139 for more information).

Figure 2-100 - 1/0 Block Logical Representation
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Table 2-83 « Fusion Pro 1/0 Supported Standards and Corresponding VREF and VTT Voltages

Input/Output Supply Input Reference Voltage | Board Termination Voltage
I/0 Standard Voltage (VCCI_TYP) (VREF_TYP) (VIT_TYP)
LVTTL/LVCMOS 3.3 V 3.30V - -
LVCMOS 2.5V 250V - -
LVCMOS 25V /50 V 250V - -
Input
LVCMOS 1.8V 1.80V - -
LVCMOS 1.5V 1.50V - -
PCI3.3V 3.30V - -
PCI-X 3.3V 3.30V - -
GTL+ 3.3V 3.30V 1.00V 1.50 vV
GTL+ 2.5V 250V 1.00 VvV 1.50 vV
GTL3.3V 3.30V 0.80V 1.20V
GTL25V 250V 0.80V 1.20V
HSTL Class | 1.50V 0.75V 0.75V
HSTL Class Il 1.50 V 0.75V 0.75V
SSTL3 Class | 3.30V 1.50 V 1.50V
SSTL3 Class Il 3.30V 1.50 V 1.50V
SSTL2 Class | 250V 1.25V 125V
SSTL2 Class Il 250V 1.25V 1.25V
LVDS, BLVDS, M-LVDS 250V - -
LVPECL 3.30V - -
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tpp = MAX(tpp(R), tpp(F))
VO Interface toout = MAX(tpout(R). thouT(F))
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Figure 2-117 « Output Buffer Model and Delays (example)
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Table 2-96 « 1/0 Output Buffer Maximum Resistances 1 (continued)

&S Microsemi
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) RPULL-DO\&VN RPULL-U§
Standard Drive Strength (ohms) (ohms)
HSTL (1) 8 mA 50 50
HSTL (Il) 15 mA 25 25
SSTL2 (1) 17 mA 27 31
SSTL2 (I1) 21 mA 13 15
SSTL3 (1) 16 mA 44 69
SSTL3 (I1) 24 mA 18 32
Applicable to Advanced I/0 Banks
3.3V LVTTL/3.3VLVCMOS 2mA 100 300
4 mA 100 300
6 mA 50 150
8 mA 50 150
12 mA 25 75
16 mA 17 50
24 mA 1 33
2.5V LVCMOS 2mA 100 200
4 mA 100 200
6 mA 50 100
8 mA 50 100
12 mA 25 50
16 mA 20 40
24 mA 1 22
1.8 V LVCMOS 2 mA 200 225
4 mA 100 112
6 mA 50 56
8 mA 50 56
12 mA 20 22
16 mA 20 22
1.5V LVCMOS 2 mA 200 224
4 mA 100 112
6 mA 67 75
8 mA 33 37
12 mA 33 37
3.3 V PCI/PCI-X Per PCI/PCI-X specification 25 75
Notes:

1. These maximum values are provided for informational reasons only. Minimum output buffer resistance values depend
on VCC, drive strength selection, temperature, and process. For board design considerations and detailed output buffer
resistances, use the corresponding IBIS models located on the Microsemi SoC Products Group website:
http://www.microsemi.com/soc/techdocs/models/ibis.html.

2. RpuLL-pown-max) = VOLspec / o spec
3. R(PULL-UP—MAX) = (VCCImaX - VOHS,OGC) /IOHspec
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Table 2-121 < 1.8 V LVCMOS High Slew

Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=1.7V

Applicable to Pro I/Os

Drive Speed
Strength | Grade | tpoyt | top | toin | tey | teys [teout| tzu | tzn | tiz | thz | tzis | tzws |Units
2mA Std. | 0.66 [12.10| 0.04 | 145 | 1.91 [ 043 | 9.59 (1210 2.78 | 1.64 | 11.83|14.34| ns
-1 0.56 [10.30| 0.04 [ 1.23 | 1.62 | 0.36 | 8.16 [10.30| 2.37 | 1.39 | 10.06 |12.20| ns
-2 049 [ 9.04 | 0.03 [ 1.08 | 1.42 [ 0.32 | 7.16 | 9.04 | 2.08 | 1.22 | 883 |10.71| ns
4 mA Std. | 0.66 | 7.05 | 0.04 | 145 | 191 | 043 | 6.20 | 7.05 | 3.25 | 2.86 | 8.44 | 9.29 ns
-1 0.56 | 6.00 | 0.04 | 1.23 | 162 | 0.36 | 528 | 6.00 | 2.76 | 244 | 7.18 | 7.90 ns
-2 049 | 527 | 0.03 | 1.08 | 142 | 0.32 | 463 | 527 | 243 | 2.14 | 6.30 | 6.94 ns
8 mA Std. | 0.66 | 452 | 0.04 | 145 | 1.91 | 043 | 447 | 452 | 3.57 | 3.47 | 6.70 | 6.76 ns
—1 0.56 | 3.85 | 0.04 | 1.23 | 162 | 0.36 | 3.80 | 3.85 [ 3.04 | 295 | 5.70 | 5.75 ns
-2 049 | 3.38 | 0.03 | 1.08 | 142 | 0.32 | 3.33 | 3.38 | 2.66 | 2.59 | 5.00 | 5.05 ns
12 mA Std. | 0.66 | 4.12 | 0.04 | 145 | 1.91 | 043 | 420 | 3.99 | 3.63 | 3.62 | 6.43 | 6.23 ns
-1 0.56 | 3.51 | 0.04 | 1.23 | 162 | 0.36 | 3.57 | 3.40 | 3.09 | 3.08 | 5.47 | 5.30 ns
-2 049 | 3.08 | 0.03 [ 1.08 | 142 (032|314 (298 | 271 | 271 | 4.81 | 4.65 ns
16 mA Std. | 066 | 3.80 | 0.04 | 145 | 191 [ 043 | 3.87 | 3.09 | 3.73 | 4.24 | 6.10 | 5.32 ns
-1 056 | 323|004 123|162 (036|329 (263|318 | 3.60 | 5.19 | 4.53 ns
-2 049 [ 283 | 0.03 108|142 (032|289 (231|279 | 3.16 | 456 | 3.98 ns
Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on

page 3-9.
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Timing Characteristics

Table 2-128 + 1.5V LVCMOS Low Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC = 1.425V,
Worst-Case VCCI=14V
Applicable to Pro I/Os

Drive Speed
Strength | Grade |tpoyr | top | toin | tey | teys [teout| tzr | tzn | tz | thz | tas | tzws | Units
2 mA Std. 0.66 |14.11| 0.04 | 1.70 | 2.14 | 0.43 |14.37(13.14| 3.40 | 2.68 [16.61]|15.37| ns

-1 0.56 [12.00| 0.04 | 144 | 1.82 | 0.36 |12.22|11.17 | 290 | 2.28 [ 14.13|13.08| ns
-2 0.49 |10.54| 0.03 | 1.27 | 1.60 | 0.32 |10.73| 9.81 | 2.54 | 2.00 {12.40 (1148 ns
4 mA Std. 0.66 | 11.23 | 0.04 | 1.70 | 2.14 | 0.43 |11.44| 9.87 | 3.77 | 3.36 [13.68 12.10 ns
-1 056 | 955 | 0.04 [ 144 182 | 0.36 | 9.73 | 839 | 3.21 | 2.86 | 11.63|10.29| ns
-2 049 [ 839 | 0.03 [1.27 | 160 | 0.32 | 8.54 | 7.37 | 2.81 | 2.51 [10.21] 9.04 ns
8 mA Std. 0.66 |10.45| 0.04 | 1.70 | 2.14 | 0.43 |10.65| 9.24 | 3.84 | 3.55 [12.88|11.48| ns
-1 056 [ 889 | 0.04 [ 144 | 182 | 0.36 | 9.06 | 7.86 | 3.27 | 3.02 [10.96| 9.76 ns
-2 049 | 781 | 0.03 [ 1.27 | 160 [ 0.32 | 795 | 6.90 | 2.87 | 2.65 | 9.62 | 8.57 ns
12 mA Std. 0.66 |10.02| 0.04 | 1.70 | 2.14 | 0.43 |10.20| 9.23 | 3.97 | 4.22 (1244 (1147 ns
-1 056 | 852 | 004 (144|182 | 0.36 | 8.68 | 7.85 | 3.38 | 3.59 [10.58| 9.75 ns
-2 049 [ 748 | 0.03 [1.27 | 160 | 0.32 | 7.62 | 6.89 | 297 | 3.15 | 9.29 | 8.56 ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on page 3-9.

Table 2-129 » 1.5 V LVCMOS High Slew
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC =1.425V,
Worst-Case VCCI =14V
Applicable to Pro 1/Os

Drive Speed teou
Strength | Grade |tpoyr | top | toin | tey [teys | T | tzu | tzn | tz | thz | tzis | tzus | Units
2mA Std. 0.66 | 853 | 0.04 | 1.70 [ 214 | 043 [ 7.26 | 853 | 3.39 | 2.79 | 9.50 |10.77| ns

-1 056 [ 726 [ 0.04 | 1.44 | 182 | 0.36 | 6.18 | 7.26 | 2.89 | 2.37 | 8.08 | 9.16 ns
-2 049 [6.37 [ 003 | 127 | 160 | 0.32 | 5.42 | 6.37 | 2.53 | 2.08 | 7.09 | 8.04 ns

4 mA Std. 0.66 | 541 (004 | 170 | 214 | 043 | 5.22 | 541 | 3.75 | 3.48 | 7.45 | 7.65 ns
-1 0.56 | 4.60 [ 0.04 | 144 | 1.82 | 0.36 | 4.44 | 460 | 3.19 | 2.96 | 6.34 | 6.50 ns
-2 049 | 4.04 | 0.03 | 1.27 | 160 | 0.32 | 3.89 | 4.04 | 2.80 | 2.60 | 5.56 | 5.71 ns
8 mA Std. 0.66 | 480 | 0.04 | 1.70 | 214 | 043 | 489 | 4.75 | 3.83 [ 3.67 | 7.13 | 6.98 ns
-1 0.56 | 4.09 [ 0.04 | 1.44 | 182 | 0.36 | 4.16 | 4.04 | 3.26 | 3.12 | 6.06 | 5.94 ns
-2 049 [ 359 (003|127 160|032 |3.65| 354 286|274 | 532|521 ns

12 mA Std. 0.66 | 4.42 [ 0.04 | 1.70 | 2.14 | 0.43 | 4.50 | 3.62 | 3.96 | 4.37 | 6.74 | 5.86 | ns
—1 0.56 | 3.76 | 0.04 | 144 | 1.82 | 0.36 | 3.83 | 3.08 | 3.37 [ 3.72 | 573 | 498 | ns
-2 049 | 3.30 | 0.03 | 1.27 | 160 | 0.32 | 3.36 | 2.70 | 2.96 | 3.27 | 5.03 | 437 | ns

Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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Voltage Referenced I/O Characteristics
33VGTL

Gunning Transceiver Logic is a high-speed bus standard (JESD8-3). It provides a differential amplifier

input buffer and an open-drain output buffer. The VCCI pin should be connected to 3.3 V.
Table 2-138 « Minimum and Maximum DC Input and Output Levels

3.3VGTL VIL VIH VOL | VOH [IOL|IOH| I0SL | IOSH | L' [ nH?
Drive Min. Max. Min. Max. Max. Min. Max. | Max.

Strength v v ', v v V |mA|mA| mA3 | mA3 |pA?|pA?
20 mA3 -0.3 |VREF - 0.05|VREF +0.05| 3.6 0.4 - |20(20| 181 | 268 | 10 | 10
Notes:

1. lIL is the input leakage current per I/O pin over recommended operation conditions where —0.3 V < VIN < VIL.

2. llH is the input leakage current per I/O pin over recommended operating conditions VIH < VIN < VCCI.
larger when operating outside recommended ranges.

3. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
4. Currents are measured at 85°C junction temperature.

Input current is

VTT

GTL 25

T 10 pF

Test Point

Figure 2-124 + AC Loading

Table 2-139 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) | VREF (typ.) (V) | VTT (typ.) (V) | CLoap (PF)
VREF - 0.05 VREF + 0.05 0.8 0.8 1.2 10
Note: *Measuring point = Vtrip. See Table 2-90 on page 2-166 for a complete table of trip points.
Timing Characteristics
Table 2-140 « 3.3 V GTL
Commercial Temperature Range Conditions: T; = 70°C, Worst-Case VCC =1.425 V,
Worst-Case VCCI=3.0V, VREF =0.8V
Speed
Grade toout tpp tom | tey | teour | tzL tzy tiz | tuz | tzs | tzus | Units
Std. 0.66 2.08 0.04 | 293 0.43 2.04 2.08 427 | 4.31 ns
-1 0.56 1.77 0.04 | 2.50 0.36 1.73 1.77 3.63 | 3.67 ns
-2 0.49 1.55 0.03 | 219 0.32 1.52 1.55 3.19 | 3.22 ns
Note: For the derating values at specific junction temperature and voltage supply levels, refer to Table 3-7 on
page 3-9.
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User-Defined Supply Pins

VREF 1/0 Voltage Reference

Reference voltage for I/O minibanks. Both AFS600 and AFS1500 (north bank only) support Microsemi
Pro 1/0. These 1/0 banks support voltage reference standard 1/0. The VREF pins are configured by the
user from regular 1/0Os, and any I/O in a bank, except JTAG 1/Os, can be designated as the voltage
reference I/O. Only certain 1/O standards require a voltage reference—HSTL (l) and (Il), SSTL2 (I) and
(1), SSTL3 (1) and (ll), and GTL/GTL+. One VREF pin can support the number of 1/Os available in its
minibank.

VAREF Analog Reference Voltage

The Fusion device can be configured to generate a 2.56 V internal reference voltage that can be used by
the ADC. While using the internal reference, the reference voltage is output on the VAREF pin for use as
a system reference. If a different reference voltage is required, it can be supplied by an external source
and applied to this pin. The valid range of values that can be supplied to the ADC is 1.0 V to 3.3 V. When
VAREEF is internally generated by the Fusion device, a bypass capacitor must be connected from this pin
to ground. The value of the bypass capacitor should be between 3.3 uF and 22 pF, which is based on the
needs of the individual designs. The choice of the capacitor value has an impact on the settling time it
takes the VAREF signal to reach the required specification of 2.56 V to initiate valid conversions by the
ADC. If the lower capacitor value is chosen, the settling time required for VAREF to achieve 2.56 V will
be shorter than when selecting the larger capacitor value. The above range of capacitor values supports
the accuracy specification of the ADC, which is detailed in the datasheet. Designers choosing the smaller
capacitor value will not obtain as much margin in the accuracy as that achieved with a larger capacitor
value. Depending on the capacitor value selected in the Analog System Builder, a tool in Libero SoC, an
automatic delay circuit will be generated using logic tiles available within the FPGA to ensure that VAREF
has achieved the 2.56 V value. Microsemi recommends customers use 10 yF as the value of the bypass
capacitor. Designers choosing to use an external VAREF need to ensure that a stable and clean VAREF
source is supplied to the VAREF pin before initiating conversions by the ADC. Designers should also
make sure that the ADCRESET signal is deasserted before initiating valid conversions.?

If the user connects VAREF to external 3.3 V on their board, the internal VAREF driving OpAmp fries to
bring the pin down to the nominal 2.56 V until the device is programmed and up/functional. Under this
scenario, it is recommended to connect an external 3.3 V supply through a ~1 KOhm resistor to limit
current, along with placing a 10-100nF capacitor between VAREF and GNDA.

User Pins

110 User Input/Output

The 1/0O pin functions as an input, output, tristate, or bidirectional buffer. Input and output signal levels are
compatible with the /0O standard selected. Unused I/O pins are configured as inputs with pull-up
resistors.

During programming, 1/Os become tristated and weakly pulled up to VCCI. With the VCCI and VCC
supplies continuously powered up, when the device transitions from programming to operating mode, the
1/Os get instantly configured to the desired user configuration.

Unused 1I/Os are configured as follows:
» Output buffer is disabled (with tristate value of high impedance)
» Input buffer is disabled (with tristate value of high impedance)
* Weak pull-up is programmed

Axy Analog Input/Output

Analog /O pin, where x is the analog pad type (C = current pad, G = Gate driver pad, T = Temperature
pad, V = Voltage pad) and y is the Analog Quad number (0 to 9). There is a minimum 1 MQ to ground on
AV, AC, and AT. This pin can be left floating when it is unused.

2. The ADC is functional with an external reference down to 1V, however to meet the performance parameters highlighted in the

datasheet refer to the VAREF specification in Table 3-2 on page 3-3.
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TMS Test Mode Select

The TMS pin controls the use of the IEEE1532 boundary scan pins (TCK, TDI, TDO, TRST). There is an
internal weak pull-up resistor on the TMS pin.

TRST Boundary Scan Reset Pin

The TRST pin functions as an active low input to asynchronously initialize (or reset) the boundary scan
circuitry. There is an internal weak pull-up resistor on the TRST pin. If JTAG is not used, an external pull-
down resistor could be included to ensure the TAP is held in reset mode. The resistor values must be
chosen from Table 2-183 and must satisfy the parallel resistance value requirement. The values in
Table 2-183 correspond to the resistor recommended when a single device is used and to the equivalent
parallel resistor when multiple devices are connected via a JTAG chain.

In critical applications, an upset in the JTAG circuit could allow entering an undesired JTAG state. In such
cases, Microsemi recommends tying off TRST to GND through a resistor placed close to the FPGA pin.

Note that to operate at all VJTAG voltages, 500 Q to 1 kQ will satisfy the requirements.

Special Function Pins

NC No Connect

This pin is not connected to circuitry within the device. These pins can be driven to any voltage or can be
left floating with no effect on the operation of the device.

DC Don't Connect
This pin should not be connected to any signals on the PCB. These pins should be left unconnected.
NCAP Negative Capacitor

Negative Capacitor is where the negative terminal of the charge pump capacitor is connected. A
capacitor, with a 2.2 yF recommended value, is required to connect between PCAP and NCAP.

PCAP Positive Capacitor

Positive Capacitor is where the positive terminal of the charge pump capacitor is connected. A capacitor,
with a 2.2 yF recommended value, is required to connect between PCAP and NCAP.

PUB Push Button

Push button is the connection for the external momentary switch used to turn on the 1.5 V voltage
regulator and can be floating if not used.

PTBASE Pass Transistor Base

Pass Transistor Base is the control signal of the voltage regulator. This pin should be connected to the
base of the external pass transistor used with the 1.5 V internal voltage regulator and can be floating if
not used.

PTEM Pass Transistor Emitter

Pass Transistor Emitter is the feedback input of the voltage regulator.

This pin should be connected to the emitter of the external pass transistor used with the 1.5V internal
voltage regulator and can be floating if not used.

XTALA1 Crystal Oscillator Circuit Input

Input to crystal oscillator circuit. Pin for connecting external crystal, ceramic resonator, RC network, or
external clock input. When using an external crystal or ceramic oscillator, external capacitors are also
recommended (Please refer to the crystal oscillator manufacturer for proper capacitor value).

If using external RC network or clock input, XTAL1 should be used and XTAL2 left unconnected. In the
case where the Crystal Oscillator block is not used, the XTAL1 pin should be connected to GND and the
XTAL2 pin should be left floating.
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Table 3-9 « AFS600 Quiescent Supply Current Characteristics

Parameter Description Conditions Temp. Min | Typ | Max | Unit
icc! 1.5V quiescent current Operational standby4, T,=25°C 13 25 | mA
VCC =1.575V T,=85C 20 | 45 | mA
T,=100°C 25 | 75 | mA
Standby mode® or Sleep 0 0 | pA
mode®, VCC =0V
ICC332 3.3 V analog supplies Operational standby4, T,=25°C 98 | 13 | mA
current VCC33=3.63V T,=85°C 1071 12 1 mA
T,=100°C 10.8| 15 | mA
Operational standby, T;=25°C 0.31 2 mA
o o e e 9V [Tymew | [oss| 2 [mA
T,=100°C 045| 2 mA
Standby mode®, T,=25°C 28 | 36 | mA
VCC33 =3.63V T,=85°C 29 7 | mA
T,=100°C 3.5 6 | mA
Sleep mode®, Va3 =363V | T;=25°C 17 | 19 | pA
T,=85°C 18 | 20 | pA
T,=100°C 24 | 25 | pA
Iccl® 1/0 quiescent current Operational standby4, T,=25°C 417 | 648 | PA
VCCIx=3.63V T,=85C 417 | 648 | pA
T,=100°C 417 | 649 | pA
IJTAG JTAG 1/O quiescent current |Operational standby4, T;=25°C 80 | 100 | pA
VJTAG = 3.63V T,=85°C 80 | 100 | pA
T,=100°C 80 | 100 | pA
Standby mode® or Sleep 0 0 | pA

mode®, VUITAG =0 V

Notes:

1. ICC is the 1.5 V power supplies, ICC and ICC15A.

2. ICC33A includes ICC33A, ICC33PMP, and ICCOSC.
3. ICClincludes all ICCIO, ICCI1, ICCI2, and ICCI4.
4

Operational standby is when the Fusion device is powered up, all blocks are used, no I/O is toggling, Voltage Regulator is
loaded with 200 mA, VCC33PMP is ON, XTAL is ON, and ADC is ON.

XTAL is configured as high gain, VCC = VUTAG = VPUMP =0 V.
Sleep Mode, VCC = VUTAG = VPUMP =0 V.

o O
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QN180 QN180

Pin Number| AFS090 Function | AFS250 Function Pin Number| AFS090 Function | AFS250 Function
B9 XTAL2 XTAL2 B45 GBA2/I031PDB1V0 | GBA2/I040PDB1V0
B10 GEAO0/I044NDB3V0 | GFA0/IO66NDB3V0 B46 GNDQ GNDQ
B11 GEB2/1042PDB3V0 IO60NDB3V0 B47 GBA1/I0O30RSBOVO | GBAO/IO38RSB0OVO
B12 VCC VCC B48 GBB1/I028RSB0OV0 | GBC1/I035RSBOVO0
B13 VCCNVM VCCNVM B49 VCC VCC
B14 VCC15A VCC15A B50 GBCO0/I025RSB0OV0O I031RSBOVO
B15 NCAP NCAP B51 I023RSB0OVO I028RSB0OVO
B16 VCC33N VCC33N B52 I020RSBOVO I025RSB0OVO
B17 GNDAQ GNDAQ B53 VCC VCC
B18 ACO ACO B54 I011RSB0OVO I014RSBOVO
B19 ATO ATO B55 IO08RSBOVO I011RSB0OVO
B20 AT1 AT1 B56 GAC1/IO05RSB0OVO IO08RSBOVO
B21 AV1 AV1 B57 VCCIBO VCCIBO
B22 AC2 AC2 B58 GABO0/IO02RSB0OVO0 | GACO/I0O04RSB0OVO0
B23 ATRTNA1 ATRTN1 B59 GAAOQ/IO00RSBOVO | GAA1/I001RSB0OVO
B24 AG3 AG3 B60 VCCPLA VCCPLA
B25 AV3 AV3 C1 NC NC
B26 AG4 AG4 Cc2 NC VCCIB3
B27 ATRTN2 ATRTN2 C3 GND GND
B28 NC AC5 C4 NC GFC2/1069PPB3V0
B29 VCC33A VCC33A C5 GFC1/1049PDB3V0 | GFC1/I068PDB3V0
B30 VAREF VAREF Cc6 GFAO0/I047NPB3V0 | GFB0/IO67NPB3V0
B31 PUB PUB C7 VCCIB3 NC
B32 PTEM PTEM C8 GND GND
B33 GNDNVM GNDNVM C9 GEA1/1044PDB3V0 | GFA1/1066PDB3V0
B34 VCC VCC C10 GEA2/I042NDB3V0 [ GEC2/I060PDB3V0
B35 TCK TCK Cc1 NC GEA2/I058PSB3V0
B36 TMS TMS C12 NC NC
B37 TRST TRST C13 GND GND
B38 GDB2/1041PSB1V0 | GDA2/1055PSB1V0 C14 NC NC
B39 GDCO0/I038NDB1V0| GDB0/IO53NDB1V0 C15 NC NC
B40 VCCIB1 VCCIB1 C16 GNDA GNDA
B41 GCA1/1036PDB1V0 | GCA1/1049PDB1V0 C17 NC NC
B42 GCC0/I034NDB1V0| GCCO0/I047NDB1V0 C18 NC NC
B43 GCB2/I033PSB1V0 | GBC2/1042PSB1V0 C19 NC NC
B44 VCC VCC C20 NC NC
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FG484 FG484
Pin Pin
Number | AFS600 Function | AFS1500 Function Number | AFS600 Function | AFS1500 Function

V3 VCCIB4 VCCIB4 W16 GNDA GNDA

V4 GEA1/1061PDB4V0 | GEA1/1088PDB4V0 w17 AV9 AV9

V5 GEAO0/IO61NDB4V0 | GEAO/IO88NDB4V0 W18 VCCIB2 VCCIB2
V6 GND GND W19 NC 1068PPB2V0
V7 VCC33PMP VCC33PMP W20 TCK TCK

V8 NC NC W21 GND GND

V9 VCC33A VCC33A w22 NC I076PPB2V0
V10 AG4 AG4 Y1 GEC2/I060PDB4V0 | GEC2/1087PDB4V0
V11 AT4 AT4 Y2 I060NDB4V0 I087NDB4V0
V12 ATRTN2 ATRTN2 Y3 GEAZ2/I058PDB4V0 | GEA2/I085PDB4V0
V13 AT5 AT5 Y4 I058NDB4V0 I085NDB4V0
V14 VCC33A VCC33A Y5 NCAP NCAP
V15 NC NC Y6 ACO ACO

V16 VCC33A VCC33A Y7 VCC33A VCC33A
V17 GND GND Y8 AC1 AC1

V18 TMS TMS Y9 AC2 AC2

V19 VJTAG VJTAG Y10 VCC33A VCC33A
V20 VCCIB2 VCCIB2 Y11 AC3 AC3

V21 TRST TRST Y12 AC6 AC6

V22 TDO TDO Y13 VCC33A VCC33A
W1 NC I093PDB4V0 Y14 AC7 AC7

W2 GND GND Y15 AC8 AC8

W3 NC IO93NDB4V0 Y16 VCC33A VCC33A
W4 GEB2/I059PDB4V0 | GEB2/I086PDB4V0 Y17 AC9 AC9

W5 IO59NDB4V0 I0O86NDB4V0 Y18 ADCGNDREF ADCGNDREF
W6 AVO0 AVO Y19 PTBASE PTBASE
w7 GNDA GNDA Y20 GNDNVM GNDNVM
w8 AV1 AV1 Y21 VCCNVM VCCNVM
W9 AV2 AV2 Y22 VPUMP VPUMP
W10 GNDA GNDA
W11 AV3 AV3
W12 AV6 AV6
W13 GNDA GNDA
W14 AV7 AV7
W15 AV8 AV8
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FG676 FG676 FG676

Pin Number | AFS1500 Function Pin Number | AFS1500 Function Pin Number | AFS1500 Function
R21 I072NDB2V0 us VCCIB4 V15 AC5
R22 I072PDB2V0 ué 1091PDB4V0 V16 NC
R23 GND u7 I091NDB4V0 V17 GNDA
R24 I071PDB2V0 us 1092PDB4V0 V18 I077PPB2V0
R25 VCCIB2 U9 GND V19 I074PDB2V0
R26 I067NDB2V0 u10 GND V20 VCCIB2
T GND U11 VCC33A V21 I082NDB2V0
T2 NC u12 GNDA V22 GDAZ2/1082PDB2V0
T3 GFA1/10105PDB4V0 u13 VCC33A V23 GND
T4 GFAO0/I0105NDB4V0 u14 GNDA V24 GDC1/I079PDB2V0
T5 10101NDB4V0 u15 VCC33A V25 VCCIB2
T6 1096PDB4V0 u16 GNDA V26 NC
T7 I096NDB4V0 u17 VCC W1 GND
T8 I0O99NDB4V0 u18 GND W2 1094PPB4V0
T9 I097NDB4V0 u19 I074NDB2V0 W3 1098PDB4V0
T10 VCCIB4 u20 GDAO/I081NDB2V0 W4 I098NDB4V0
T VvVCC u21 GDBO0/IO80NDB2V0 W5 GEC1/I090PDB4V0
T12 GND u22 VCCIB2 We GECO0/IO90NDB4V0
T13 vccC u23 I075NDB2V0 W7 GND
T14 GND u24 I075PDB2V0 W8 VCCNVM
T15 VCC u25 NC W9 VCCIB4
T16 GND u26 NC W10 VCC15A
T17 VCCIB2 V1 NC W11 GNDA
T18 IO83NDB2V0 V2 VCCIB4 W12 AC4
T19 I078NDB2V0 V3 10100PPB4V0 W13 VCC33A
T20 GDA1/1081PDB2V0 V4 GND W14 GNDA
T21 GDB1/1080PDB2V0 V5 1095PDB4V0 W15 AG5
T22 I073NDB2V0 V6 I095NDB4V0 W16 GNDA
T23 I073PDB2V0 V7 VCCIB4 w17 PUB
T24 I071NDB2V0 V8 I092NDB4V0 W18 VCCIB2
T25 NC V9 GNDNVM W19 TDI
T26 GND V10 GNDA W20 GND
U1 NC V11 NC W21 I084NDB2V0
U2 NC V12 AV4 W22 GDC2/I1084PDB2V0
u3 10102PDB4V0 V13 NC W23 I077NPB2V0
u4 10102NDB4V0 V14 AV5 w24 GDCO0/I0O79NDB2V0
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